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Abstract 
In high-wage countries, establishing and maintaining technological know-how is a key success factor for manufacturing companies. To fulfill 
future manufacturing requirements, a dynamic range of potentially available technologies exists. Each of them is characterized by an 
evolutionary development, whereby the maturity of a manufacturing technology varies. In order to hold technological leadership and to 
increase competitive advantages, companies must be aware of the capability and competency maturity stage of manufacturing technologies. 
This article presents a model, which aims to determine the maturity of a company’s technological capabilities, competencies and core-
competencies. 
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1. Introduction 
Manufacturers in high-wage countries are exposed to an 
intensive international competition [1]. In order to stay 
competitive, companies are forced to deploy manufacturing 
technologies which are best suited to fulfill future 
requirements [2]. In this context, the term ‘manufacturing 
technology’ denotes all manufacturing processes which are 
needed to produce a product [3] and are referred to 
‘technology’ in the following. 
Technologies pass through an evolutionary development, 
whereas a technology’s maturity increases over time [4]. This 
evolution can be described as a technology life cycle. 
However, technologies are not always mature enough to be 
used effectively and efficiently for manufacturing tasks. 
Especially emerging technologies might need a further 
development until they can be integrated in the existing 
production environment [5,6]. For this reason, companies have 
to evolve resources, capabilities, competencies and core-
competencies for the respective technology. These elements 
build upon one another [7,8], as shown in Fig. 1. Furthermore, 
capabilities, competencies and core-competencies constitute 
technological know-how.  
 
Fig. 1. Set-up of Core-Competencies (based on [7]) 
Resources include physical resources (e.g., raw materials), 
human resources (e.g., experience) and organizational 
resources (e.g., processes) [9]. Knowledge and skills for 
solving technical problems are defined as capabilities, whereas 
the combination of single capabilities is defined as 
competencies [7]. Core-competencies arise from the synthesis 
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of selected competencies [10] which are necessary to establish 
competitive advantages [11]. Core-competencies are both 
long-lasting and transferable into different markets, divisions 
or products, but cannot be imitated or substituted [12]. 
Establishing and extending core-competencies is a key success 
factor for manufacturing companies. For this purpose, 
companies must be aware of the current maturity stage of their 
core-competencies.  
Therefore, this paper focuses on a model which aims to 
determine the maturity of a company’s technological 
resources, capabilities, competencies and thus core-
competencies. 
2. Technology Evaluation 
In order to evaluate the maturity of a technology based on a 
company´s capabilities and competencies, the temporal 
evolvement has to be taken into consideration. This 
development is described as a technology life cycle [13]. 
2.1. Technology Life Cycle and Maturity 
In the literature a wide range of technology life cycle 
models exists [e.g., 13,14,15,16,17,18]. Fig. 2 displays one of 
these models wherein the growth of technology maturity is 
plotted against time [13]. In this context, maturity refers to the 
stage of development of a technology [19]. 
 
Fig. 2. Technology Life Cycle Based on the Technology Maturity (based 
on [13,19]). 
The technology life cycle can be divided into four different 
stages including innovation technology, key technology, 
standard technology and displaced technology [13]. 
In order to determine the current stage of a technology’s 
maturity, qualitative and quantitative models exist. 
Qualitative models investigate the maturity roughly by 
categorizing the technology according to qualitative indicators 
(e.g., time needed for further development), such as those 
presented by [16]. In contrast, quantitative models recurrently 
assess the maturity based on questionnaire responses 
regarding principles, activities, concepts or prototypes of a 
technology. A fundamental model was introduced by the 
National Aeronautics and Space Administration (NASA) to 
assess the current maturity stage for aerospace and astronautic 
systems using nine technology readiness levels (TRLs) [20]. 
Brousseau et al. transferred the approach to manufacturing 
processes and modified the aforementioned TRLs reducing 
them to seven (cf. Fig. 2): basic technology research; 
feasibility studies; technology development; technology 
demonstration; production resource; production environment; 
serial production [5,6]. Reinhart & Schindler combined the 
two models of Mankins and Brousseau et al. with the 
technology life cycle according to Ford & Ryan. Thereby, 
resources are evaluated to assess the maturity of a 
manufacturing technology [19]. 
2.2. Technological Capability and Competency Evaluation 
In the context of technological capabilities and 
competencies some of the most significant approaches 
[8,21,22,23,24] are briefly explained in the following. 
Zehnder developed a model for the competency based 
planning of technologies. Herein technological resources, 
capabilities, competencies and core-competencies in 
companies are analyzed and evaluated. This model takes four 
aspects into consideration: direction and specifications of the 
technology-oriented competitive strategy; current product 
structures and product systems; technological core-processes 
of the company; structures of the technologies and 
capabilities. Methods such as interviews, workshops and 
analysis of processes and costs are applied within the model 
[21]. 
Fengler describes a three-step approach to indentify the 
core-competencies of a company. In the first step, mind-maps 
of strategic important resources are created by conducting 
interviews with employees who have abstract knowledge of 
the company’s operations. The mind-maps are the basis for a 
standardized questionnaire which allows an evaluation of the 
resources of the company. In the last step, an analysis of the 
environment and the results of the questionnaire are used to 
recommend how to develop the company’s core-competencies 
[22]. 
Campbell developed a framework to enhance companies to 
align information technology with business objectives through 
the systematic identification of core-competencies. In this 
framework, the relationship between resources, capabilities 
and core-competencies is reflected. Resources are the basis of 
a company and are divided in quality of relationship, human 
capital and infrastructure flexibility. These resources are 
combined to form capabilities. Each department or business 
unit within a company might possess its own resources and 
capabilities. The combination of the resources and capabilities 
of all the functional groups in the company forms the core-
competencies which are finally designed to provide value to 
the costumer [8]. 
Rush et al. developed a technology capability assessment 
tool designed to help locating companies within four 
archetypes based on their maturity on nine key dimensions of 
the management of technology. Type-1-companies are passive 
or unaware about the need for technological change. Type-2-
companies recognize the need for change but are unclear 
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about the way to implement these changes. Type-3-companies 
have a strategic sense of implementing innovative changes. 
Type-4-companies have a well developed set of technological 
capabilities and creatively exploit technology for competitive 
advantages. A questionnaire is used to help companies assess 
their technological capability and classify their company as 
one of the four archetypes. The evaluation of the 
questionnaire is visualized in a polar diagram, in which the 
company´s profile is compared to the best practice [23]. 
Aderemi et al. developed a system of technological 
capability measurement and evaluation.  The aim is to 
monitor the trajectory of technological capability 
accumulation and to identify parameters that could lead to 
competitiveness and growth within the analyzed industry. 
According to Aderemi et al., technological capabilities are 
determined and influenced by either external factors to the 
company, e. g. competition, technological change and 
government policy, or internal factors, such as R&D, working 
experience and on-the-job-training. Technological capabilities 
are further divided into three major categories: investment 
capability; production capability; networking capability. For 
each category, mathematical formulas are developed for 
measuring the specific capability [24]. 
2.3. Problem Statement 
Nowadays, topics such as technological capabilities and 
core-competencies are gaining importance for manufacturing 
companies. In order to select the most appropriate technology 
fulfilling future manufacturing requirements, models 
concerning maturity evaluation [e.g., 19] need to be expanded 
by taking capabilities, competencies and core-competencies 
into account [e.g., 8]. 
3. Model for the Evaluation of Technological Capabilities, 
Competencies and Core-Competencies 
The developed model determines the maturity of a 
company’s capabilities, competencies and core-competencies 
by combining the technology life cycle and both capability 
and competency evaluation approaches. It consists of four 
major steps (cf. Fig. 3). In order to create a model that is 
suitable for every manufacturing company the importance of 
each TRL is weighted individually in the first step. 
 
Fig. 3. Model for the Evaluation of Technological Capabilities, Competencies 
and Core-Competencies 
In the second step specific maturity limits for capabilities, 
competencies and core-competencies are determined 
specifically for the company. These limits represent minimum 
maturity requirements for the application of a technology 
within a company. The third step is represented by a 
standardized questionnaire. Thereby, the capabilities, 
competencies and core-competencies of a technology 
depending on the TRLs are examined. In the final step the 
maturity of both each TRL and technology are evaluated. A 
company can choose the most suitable technology fulfilling 
future manufacturing requirements by comparing the 
evaluation results of different technology alternatives. 
3.1 Step 1 – Determination of the Influence of the TRLs 
Within the scope of strategic planning each company sets 
its own focus on a different period in a technology’s life 
cycle, e.g. technological leadership. This implies that each 
TRL has a different impact on the final evaluation. Therefore 
each TRL is weighted. 
Since this is a matter of multi-criteria, the Analytic 
Hierarchy Process (AHP) is used. It is a decision making 
process based on ranking activities in terms of relative ratio 
scales. In the first step of the AHP the TRLs are weighted by 
carrying out a paired comparison. Because of the subjective 
evaluation of the priorities of the TRL the result of the paired 
comparison can be inconsistent. The consistency of the 
resulting matrix is verified in a second step. If a matrix is 
inconsistent the AHP needs to be repeated. [25] 
Thus, the weighing ݃௜  for each TRL ݅  is calculated, 
whereby: 
σ ݃௜ ൌ ͳǢ଻௜ୀଵ ሼ݃௜ א ԹȁͲ ൏ ݃௜ ൏ ͳሽ (1) 
3.2 Step 2 – Determining of Specific Maturity Limit 
In the second step, specific maturity limits for the four 
categories, resources, capabilities, competencies and core-
competencies have to be determined for each TRL. Two 
maturity limits, a minimum and maximum value, are needed 
to categorize a technology as underdeveloped, satisfied 
developed or well-developed. 
In order to determine each specific maturity limit the 
questionnaire, which is detailed in section 3.3, is pre-
answered. In order to determine the minimum maturity limit, 
a certain number of questions has to be answered as ‘yes’. If 
this number is reached, the technology is rated satisfied 
developed. In contrast, a well developed rating is achieved if a 
higher specific number of questions is affirmative. 
3.3 Step 3 – Content and Procedure of the Questionnaire 
After weighing the TRLs and determining the maturity 
limit, a standardized questionnaire is used to investigate the 
technology maturity. For each of the seven TRLs questions 
based on quantitative and qualitative indicators concerning 
capabilities, competencies and core-competencies have been 
developed (cf. Fig. 4). 
Weighting of technology readiness levels
Determining of specific maturity limit for cap-
abilities, competencies and core-competencies 
Investigation of maturity for capabilities, 
competencies and core-competencies
Evaluation of maturity
Evaluation Model
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60   Josef Greitemann et al. /  Procedia CIRP  19 ( 2014 )  57 – 62 
 
Fig. 4. Extract of Questionnaire  
Since the technologies should be evaluated objectively, the 
questions are formulated, so that they can be answered by 
using mathematical-logical statements like ‘yes’ and ‘no’. 
These can be defined in the interval {1, 0} [26]. In order to 
compare multiple technologies a company can answer the 
questionnaire for each technology. Thus, a standard is created 
for the evaluation of the questionnaire results in the next step. 
3.4 Step 4 – Evaluation of the Technological Capabilities, 
Competencies and Core-Competencies 
The questionnaire results represent the specifications of the 
technology in each TRL regarding resources, capabilities, 
competencies and core-competencies. In order to evaluate 
those results the maturity of the four categories and the 
overall maturity of the technology are calculated using a 
binary logic. The value 1 is assigned to answer ‘yes’ and 0 to 
‘no’. 
The maturity ݎ௜ǡ௝  of TRL ݅  for each category ݆  is 
represented by: 
ݎ௜ǡ௝ ൌ
σ ܾ௜ǡ௝ǡ௞௡೔ǡೕ௞ୀଵ
݊௜ǡ௝ ή ͳͲͲΨሺʹሻ 
Where ܾ௜ǡ௝ǡ௞ is the decision variable value {0, 1} for each 
question ݇ and ݊௜ǡ௝ is the number of questions of the maturity 
level ݅ for each category݆. 
The maturity of each TRL ݎ௜ is represented by: 
ݎ௜ ൌ
σ ݎ௜ǡ௝ସ௝ୀଵ
Ͷ ሺ͵ሻ 
A high maturity of a TRL does not always implicate a high 
maturity in all categories. For instance, a high TRL maturity 
can result from two high fulfilled categories, while the third 
one having deficits. The evaluation results are matched with 
the maturity limits set in step 2. If the maximum limit value, 
determined in step 2, is exceeded, the technology is well 
developed within the considered TRL. Besides, not reaching 
the minimum limit value implies a need of improvement in 
technological capabilities, competencies and core-
competencies. 
In order to compare technology alternatives with regard to 
the maturity stage of the know-how categories, exactly one 
comparative value is needed. 
Therefore, the overall maturity ܴ  of a technology is 
calculated by considering the weighing of TRLs ݃௜ of Step 1: 
ܴ ൌ෍ ݎ௜ ή ݃௜
଻
௜ୀଵ
ሺͶሻ 
Technologies with a high maturity ܴ are most suitable for 
future manufacturing requirements. 
4. Application 
The model was applied by the example of 'Laser Beam 
Welding' (LBW) of Carbon-fiber-reinforced-polymer at the 
Institute for Machine Tools and Industrial Management (iwb). 
In Step 1, the TRLs were weighted by a technology planner 
using the AHP (cf. Fig. 5). The weightings can depend 
strongly on the technology strategy. In this application, the 
strategy was determined to be a leadership strategy. 
 
Fig. 5. Weighting of Technology Readiness Levels from the Perspective of a 
Technology Leader 
In Step 2, the questionnaire was pre-answered in order to 
define the specific maturity limit of each category for each 
TRL. Then it was answered in Step 3 to determine the current 
maturity for each category.  
 
Fig. 6. Evaluation of the TRL ‘Technology Demonstration’ for LBW 
Questionnaire for Investigation of Maturity
Basic Technology Research
…
Serial Production
Resources  Is the physical principle known to fulfill a technological 
function (e.g. separation by sublimation)?
 …
Capabilities  Is there at least one production expert within the 
company?
 …
Competencies  Does the technological function include particular 
features in order to gain a sustainable competitive 
advantage?
 …
Core-
Competencies
 Does the technology function principle possess 
production-related properties, which have the 
property to be durable, non-imitable and transferable?
 …
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Thereby, a technology expert filled in the resource 
category whereas a technology planner completed the 
remaining categories in consequence of his strategic 
perception. 
The results of Step 2 and Step 3 are summed up and 
visualized in Fig. 6 by the example of the TRL 'Technology 
Demonstration'. The minimum limit value was passed by each 
category, while the maximum limit value was not attained at 
the time of valuation. 
The data was used to assess the maturity for each TRL 
ݎ௅஻ௐǡ௜ . The evaluation results and both minimum and 
maximum maturity limits are illustrated in Fig. 7. 
Conclusively, the current maturity of LBW ܴ௅஻ௐ ൌ ͸ͷǤ͵Ψ 
was assessed using the aforementioned questionnaire. 
 
Fig. 7. Results of the Evaluation for each TRL for LBW 
5. Conclusion and Outlook 
Manufacturing companies have to evaluate potentially 
useable technologies with regard to their capabilities, 
competencies and core-competencies in order to stay 
competitive. Implementing a technology into the existing 
production environment is time-consuming and expensive. 
Therefore, the decision in favor or against an alternative is 
crucial for strategic reasons. Manufacturing companies need 
an applicable model to support the decision process of 
choosing the most appropriate technologies. To close this gap, 
this paper presents an approach for the evaluation of 
technological capabilities, competencies and core-
competencies. 
First, each TRL is weighted company-specific and the 
specific maturity limit is determined. Afterwards, the 
capabilities, competencies and core-competencies of a 
technology depending on the TRL are examined based on a 
standardized questionnaire. Finally, the maturity is assessed. 
On this basis, it is possible for a company to decide in favor 
or against a technology. The model is then applied by the 
example of 'Laser Beam Welding'. 
Further research activities will address the depiction of the 
future development of a technology concerning capabilities, 
competencies and core-competencies by integrating a scenario 
analysis. Besides, the model needs to be evaluated in detail by 
applying it in the industrial practice in representative 
industries. 
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